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1.0 PUR1>0SE 

The purpose of tliic T-cport is to present the test pro- 
cedures used the test results obtained during an 
evaluation test program. The test program was conduct- 
ed to obtain thermal performance data on a Life Sciences 
• double glazed air solar collector under simulated condi- 
tions. The tests were conducted utilizing the Marshall 
Space Flight Center Solar Simulator in accordance with 
the test requirements specified in Reference 2.1 and 
the procedures contained in Reference 2.2. 

2.0 REFERENCE S 

2.1 ASlIRAE-93-77 Method of Testing to Determine the 

Thermal Performance of Solar Collectors 

2.2 MTCP-DC-BliAC-419 Test Procedure for the Performance 

Eva.luation of Air Collectors under 
Simulated Conditions 

2.3 MTCP-FA-SHAC-400 Procedure for Operation of the MSFC 

Solar Simulator Facility 

3.0 MAMUFACTCIRER 

Life Sciences Engineering 
Route 1, Box 746 " v 

Morrison, Colorado 80465 

3.1 DESCRIPTION OF TEST SPECIMEN 

The Life Sciences collector, Model Solar II, is an air 
type, double glazed (Tedlar for outside glazing and 
tempered glass for inner glazing) , flat plate. The gross 
collector area is 32 square feet (4' x 8') with an aper- 
ture area of 30,9 square feet (46.75’' x 95.125"), The 
absorber plate is coated with 3M Nextel Black. 



4 . 0 SUMMARY « " 

This test program was conducted to evaluate the thermal 
performance of a Life Sciences air collector under simu- 
lated conditions . The test conditions and the data ob- 
tained during the tests conducted on the Simulator are 
listed in Table II for stagnation test and Tables III 
and IV for thermal performance test. A graphic presenta- 
tion of the data obtained is also presented in Figure 2. 

In addition, a time constant test and incident angle 
modifier test were conducted to determine the transient 
effect and the incident angle effect on the collector. 

The results of these tests are presented in Figures 4 
through 6 and Table V„ Results of the collector load test 
are listed in Table VI , 
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5.0 TEST CONDITIONS AND TEST EQUIPMENT 

5.1 Ambient Conditions 


Unless .otherwise specif ifsd herein# all tests will be 
performed at ambient conditions existing in Building 
4619 at the time of the tests and listed in Tables II 
.through V, 

5 . 2 Instrumentation and Equipment 


All test equipment and instrumentation used in the per- 
formance of this test program comply with the require- 
ments of MSFC-MMI-5300 . 4c# Metrology and Calibration. 
Table I contains instrumentation identification and 
data acqvusition connection data. Instrumentation loca 
tiors on the test l^oop and collector are depicted in 
Figure 1. A listing of the equipment used in each test 
follows. 


Apparatus 


Manufacturer/Model Range/Accuracy 


Platinum Resistance Supplied by Collector 0-300“P ± 0.5“F 

Thermometer Manufacturer 


Pyranometer 


Eppley - PSP 


0-800 BTU/Ft^'Hr 
t 3% 


Air Loop 
Thermopile 

Directional Anemometer 

Plow Measurement 
Nozzle 

Platinum Resistance 
Thermometer 

Strip Chart Recorder 

Floor Pan 

Solar Simulator 

Inclined Manometer 

Differential Pressure 
Transducer 


MSFC Supplied 

Medtherm 

MSFC Supplied 

Air Filter Testing 
Labs# 1.59r! dia. 

Hy-Cal 

Mosley 680 
MSFC Supplied 
MSFC Supplied 
MSFC Supplied 
AMETEK/5 2D0 0 lOAML 


N/A 

O-20'’P/d: .05"P 
0 - 30 MPH 
35 - 130 CFM 

0-300®F + 0.5®F 

5-500 MV + 2% 

N/A 

I 

See SHC 3006 

• ■■ 

0-4" H 2 O + .01" 

0-10 in. H 2 O ±.0.5% 
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5*0 'l*li!ST CONniTfON S AND TKIi'C EQUIPMENT (Continued) 

5 , 3 Data Systems ' I 

Tost data obtained during simulator tests will be trana- 
mitte«i from MSFG Building 4619 (test site) through pri- 
mary data acquisition system #3 to the real time data 
link and the DDP-224 computer located in Building 4646. 

A separate data link between Building 4646 and 4619 pro- 
vides for printout of real time data at the test site. 

A listing of all instrumentation by function, type and 
corresponding data recording system is indicated in 
Table I. 





REQUIREMENTS, PROCEDURES AND RESULTS 
Collector Preconditioning and Stagnation T#«t 
Teat Requirement 

a 

.The collector eliall be mounted on an ou'^door passive 
test stand at an angle of 45** from the horizontal and 
facing south. The inlet and outlet pofts to the col- 
lector shall be capped to prevent flow. The lower cap 
shall contain a small vent hole. The preconditioning 
shall consist of at least three days exposure during 
which the mean incident solar radiation measured in 
the plane of the collector shall be 1500 BTU/Pt2.day. 
During this preconditioning, the following data shall 
be recorded within two hours of solar noon when the 
insolation is constant and above a minimum of 200 BTU/ 
Hr*Ft2 in the plane of the collector. Data recorded 
shall be the average for at least a 20 minute period 
at quasi-steady state d>nditions, 

I \ 

1, Insolation rate. 

2 , Ambient temperature . 

3 . Wind velocity and direction;'. 

4. Absorber surface temperature at either 4 or 5 
locations , 

Teat Procedure 


1, Mount test specimen as described above. 

2, Connect instrumentation, 

3, Record data as described above. 

Results 

The results obtained during these tests are conts^lned 
in Table II, i I 

■' ii 
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6.0 


REQU I miMBNTS AND PROCKDURKS (Continued) 


6.2 Collector Thermal Efficiency Test 

6.2.1 Test Requirements 

Thermal performance evaluation data shall bo obtained at 
. inlet temperatures of 0, 25/ 50/ aM 100®F above ambient 
temperature at air flow rates of 66 ai)d 120 SCFM at inso- 
lation rates of 260 and 300 BTU/Hr'Ft^ and a wind speed 
of 7.5 mph. The following data shall be recorded during 
the test at each test condition., 

1. Ambient' “emperature . 

's 

2. CollocUor inlqt air teiuperature . 

3. Collector outlet air temperature. 

4. Collector differential temperature. 

5. Differential pressure across collector, 

6. Air flow rate. 

7. Insolation rate. 

8. Wind speed, 

6.2.2 Test Procedure 


1. Mount test specimen on test table at a 45® angle with 
respect to the floor. 

2. Assure that simulator lamp array is adjusted to an 
angle of 45® with respect to the floor. 

3. Align the test table so that the test specimen's 
vertical centerline coincides with the vertical cen- 
terline of the lamp array and the distance from the 
top of the test specimen to the lens plane of the 
lamp array is 9 feet. 

t 

4. Insulate all ducts. 

5. Assure that data acquisition system is operational. 

6. Start air flow loop and establish a flow rate of 
66 SCFM. 

7. Establish the wind speed of 7.5 mph. 

8. Power up simulator and establish a solar flux level 
of 260 BTU/Ft2 -Hr. 
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6*0 RBQUIREMKNTS AND PROCEDUhigS {Continued) 

6*2 Collector Thermal Efficiency Teat {Continued) 

6^2.2 Test Procedure (Continued) 

9. Determine the ambient air temperature. 

‘10. Adjust the inlet temperature of the collector to 
the ambient air temperature value, 

11. After steady state conditions have been established, 
record d<;,ta for a minimum of five minutes.’ 

12. Repeat steps 8, 9, 10, and 11, changing the flux 
level and air inlet temperature as necessary until 
data has been 'Obtained for each test condition speci- 
fied in Paragraph 6.2.1. 

13. Repeat steps 7, 8, 9, 10, 11, and 12 with flow rate 
' of 120 SCFM. 

14. Upon completion of testing, power down simulator 
and liquid loop, 

15. Inform data control group that simulator operation 

has terminated. ■’ 

6.2.3 Test Results 

The results obtained during these tests are contained in 

Figure 2 and Tables III and IV for thermal performance 

data and Figure 3 for pressure drop data. 





6.0 


REQUIRKMEHTS AND PHOCEDURlr^S (Contln\KJd) 


6.3 

6.3.1 


6.3.2 


Collector Time Constant Test 


! 


Test Roqulrcmt'nts 

n il n~i i m IIT T^ I - I r^-i ri ii ^-ir- t — — —- - - r-rT' tm 


In accordance with ASHRAE 93-77^ the tlirte constant test shalJ | 
be conducted by abruptly reducing the flux level to zero, | 
•Inlet tefi^perature shall' te kept to within t 2®P of ainbl~ | 
ent, with an air flow rate of 120 SCPM. The differ- | 
ential temperature across the collector shall bo recorded |i 
to determine the time required to rfjach the condition of | 


Te 

where 
•» 

Te - , Outlet tompciraturo 


» ,368 

int - 


'^‘^ini “ Initial outlet temperature 

Tl Inlet temperature 

The fon-owimj data shall be recorded during the test; 

1. Absorber surface temperature ^ 4 locations. 

2. Ambient temperature. 

3. Collector inlet temperature. 

4. Collector outlet temperature. 

5. collector differantlal temperature. 

6. Differential pressure across collector. 

7. Air flow rate. 

8. Insolation rate. 

^J*c st Procedure 

1. Mount the collector on test table at 45* from the hori- 
zontal and assure that solar simulator surface is 
parallel to the collector surface. 

2. Assure that data aces' aisition system is operational; 

3. Adjust the air flow rate to I 20 SCFM. 

4 . Adjust the air inlet temperature to within ±. 2*F 
of ^injljient.. 
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6,0 REQUIRBMENTS# PROCEDUHiSS AND tUSSULTS (Continuod) 


6,3,2 Tast Procedur e f Continued) 

5. Adjust the flux level tp 260' BTU/Ft2*Hr, 

6* Monitor the differential temperature across the 
. collector. 

i 

1, Allow the system to stabilize at above conditions for 
at least 5 minutes, 

6. Turn off the solar simulator. 

9, Monitor the differential temperature until the ratio 
Te “ Ti ^ 

of T e~£ ~* £" '^" tT than .30. 

. 10, Upon completion of testing, power down simulator and 

air loop. 





11. Inform data control group that simulator operation has 

terminated, | 

. "a 

6.3.3 Test Results I 

The results obtained during this test are shown in Figure 4 . I 





i' 


& 


i 1 , 
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6-0 REQUIRlSMKNTh, PUOCKDUnBS AND RBSULTS {Continued) 

6 , 4 Collector Inci d e nt Angle Modifier Teat 

6.4.1 Test Roqulreinont 

The collector incident angle modifier test shall be con- 
ducted at north-south radiation incident angle of 45 degrees. 
The cast-west radiation Incident angles shall be 30# liO# 50 
and 60 degrees. The air flow rate shall be 38 SCfM with 
inlet tempera Luce controlled to within ±. 2*F of ambient 
at the insolation rate of 260 UIHI/Ft^-Hr and 0 ,mph wind. 

The following data shall be recorded during the test at each 
test condition. 

1. Aiiibient temperature. 

2. Collector inlet air temperature. 

3. Collector outiet air tempei*ature. 

4. Collocbot differential te^mperature . 

5- Air Elow rate. 

H . Insolation rate. 

6.4.2 Test Pr oce duv»? 

I. Mount the collector on the test table at incident 
angle of 30®, 

2. Adjust the air flow rate to 66 SCFM. 

3. Adjust the solar simulator flux level to 260 BTU/Hr'Ft^. 

4. Adjust the inlet temperature to ambient i. 2"F. 

5. Measure the flux level at 9 locations on the test plane. 

* ft 

6. Record data for 5 uiimite stabilized period. 

7. Repeat above steps for incident angles of 40®, 50® and 60® 

8. Upon compiebloii of testing, power down simulator and 
liquid loop. 

9. InfOi.m data control group that simulator voperatibn has 
terminated. 

6.4.3 Test Ro s u its 

Data obtained f’*om 1:hin test program were analyzed according 
to AUilRAE 9 3-77 and reperted in Table V and graphic format 
in Figures 5 and 6. * 
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TEST RBQUIREMENTS, PHOCK P URBS AND RBSULTS (Cont^nuod) 

Collector Load Teat I 

• — • n if 

,V A 

Test Regulremente ii 

One solar collector shall be subjected to load testing. 
The specified load requireinents are listed in Table vi, 
I'he collector shall be mounted as indicated in Figure 7 
but oriented such that the glazing is horizontal. , Onlr 
form loads shall be applied by means of a transparent 
flexible diaphragm which can be covered with a uniform 
layer of transparent liquid of varying depths to obtain 
the desired load variations. 

Test Procedure 


li Mount the collector in the horizontal plane. 

2. Place the load frame with liner over the collector. 

3. Pill the load frame liner with water to a level cotres 
ponding to the Step 1 load of Table VI and let stand 
for five minutes . 

4 . Drain and remove the load frame . 

5* Plush the collector exposed surface with water and 
inspect for leaks. 

6. If the collector leaked or was damaged due to the load 
record and indicate what the load level is, 

7. If the collector does not leak and is not damaged, 
record the load level and repeat steps 3 through 5 
for the next load level. 

Te st Results 

The results of this test are tabulated in Table VI. 




7.0 


ANALYSIS 


7.1 


Thermal Performance Test 


The analysis of data contained in this report is in 
accordance with the National Dureau of Standards recom~ 
mended approach. This approach is outlined below. 


The efficiency of a collector is stated asi 
Tt, a ‘lu/A m -Ct£ ~ ^f/i) 


( 1 ) 


where : 

A 
I 

m 

^tf 
Tf,e 

Tf,i 


=» rate of useful energy extracted from the 
Solar Collactor (BTU/Hr) 

= Gross collector area (Pt^) 

♦ 

= Total solar energy incident upon the plant of 
the solar collector per unit time per unit 
area (BTU/Hr ‘Pt^) 

= Mass flow rate of the transfer fluid through 
the collector per unit area of the collector 
(Lbm/Pt^-Hr) 

= Specific heat of the transfer fluid (BTU/Lb*®P) 

« Temperature of the transfer fluid leaving the 
collector (®P) 

a Temperature of the transfer fluid. .entering the 
collector (®P) 


Rewriting Equation (1) in terms of the total collector 
area yield: , 

^ ^ WCtt. ^ M Ctf 

(lA) Pi 

Notice that: , 

Pi =5 lA = Total Power Incident on the Collector. 

mA = M =« Total Mass Flow iRate through the Collector, 

Therefore M CtfCTf^e - T^ =* Total Power Collected by 
the Collector. ' 
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ANALYSIS (Continued) 


Thermal Performance Test (Continued) 
Substitution In Equation (2) results in: 
>1. 

whore » 


Pabs 

Pino 


Pabs Total collected power 


I ,1 


<3) 


Pine =» Total Incident power 

This value of efficiency is expressed as a percentage by 
inultiphying by 100. This expression for percent efficiency 
is I 


Collector Efficiency = 


Pabs 

Pine 


X 100 


(4) 


or from Equation (2 ) t collector efficiency is defined by 
the equations 


% Eff 


M Ctf “ ’*^f,i) 

Pi — 


X 100 


(5) 


Each term in Equation (5) was measured and recorded inda 
pendently during the tesr,. The calculated values of 
efficiency were determined at sixty-second intervals. 

The mean value of efficiency vjas determined over a five- 
minute period during which the test conditions remained 
in a quasi-^s teady state. Each five-minute period con- 
stitutes one "data point" as is graphically depicted on 
a plot of percent efficiency versus 

where: 


T^ *=. Air inlet temperature (*P) 

T-j a Ambient temperature ("F) 

1 a Incident flux per unit area (BTU/Hr*Pt^) 

The abscissa term ((T^ - T=) /I ) was used to normalize the 
effect of operating at different- values of 1, T^ and Tg. 
The results are found in Figure 2. 

The result of second order polynomial analysis is shown 

in Figure 2. The second order polyivomial to best -- 

describe the test results is: 


Efficiency = ag + 
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7.0 



A NALYSIS (Continued) 

7.1 Thermal Performanco Toot (Continued) 

where: ‘ 

T » (T^ - Ta) I 

9 

and the coe l:f icicnts are determined to be: 


' 

Plow Rate (SCPM) 

66 

120 

is 


0.491 

0.625 



-0.063 

-1.097 

.•i 

^2 

-0.245 

-0.080 




ANALYSIS (Continued) 


T ime Constant Test 

Two methods are proposed by ASHRAB 93-77 for conducting 
a time' constant tost. However, due to facility limita- 
tions, only the first method could be used. This method 
consisted of shutting down the simulator and maintaining 
a constant flow rate and Inlet temperature while obtaining 
data. 

According to the definition of time constant given* in 93- 
77, it is the time required for the ratio of the differen- 
tial temperature at time T to the initial differential 
temperature to reach .368. It can be expressed ast 

• « .368 ( 1 ) 

Tf,e,inl “ 


If the inlet air temperature cannot be ccntrolled to equal 
the ambient air temperature, then the following equation 
must be used 

mCp 

IJf.i - Ta) H- A (Tf,e,T- - Tf,l) ^ 

PrOl (»f,l - V * ^ - »*,l> 

where : 


^f,e,'t* Exit air temperature at tima,T' 

=* Inlet air temperature 

Tf,e,ini “ Initial exit air temperature 

ro » Air mass flow rate » 540* Lb/Hr 

Cp >■ Specific heat of air " .24 BTU/Lb**F 

A =» Collector area** 32 Ft^ 

Fj^Ul ^ Negative of the slope determined 'from 
the thermal efficiency curve 

i 

During the time constant test, the inlet air temperature 
cannot be controlled to within ±. 2**F of ambient air temp- 
erature; hence equation (2) must be used for evaluation. 
From the performance curve, it is found that FpUjj * .86. 
Equation (2) becomes 


.86(73.8-66.2)+ 4*0'§? (Tf - 73. 8 ) 
.06 (7jVt-^”2) + 4.0!f (39r 

V. 14 
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7.0 

7.2 


ANALYl-^XS ( L on t i mi o 'J ) 

Time ConstoiiL' Test (Continued) 


or 


,e,?- - 

'Jf,G ini ‘i’f^i 


.342 


From Figure 4 the tJine constant wau determined to be 6 
minutes and 52 seconds, * „ ' 
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7.0 


7.3 


ANALYSIS (Continued) 

Incident Angle Modifier Test 

Two methods are proposed by ASHRAE 93-77 for incident 
angle modifier tests. For the MSFC Solar Simulator 
Facility, only method 1 (tilting the collector) is 
applicable. The collector was adjusted so that the > 
incident radiation angles were 30*, 40*, SO* and 60* 
to the normal [of the collector surface. 

According to 93-77, the incident angle modifier .is de- 
fined as 

K4r - - . U) 

. If 

where Tl ^ efficiency at tilted angle. 

Fp(q(‘2“) “ Intercept of efficiency curve at 

normal incident angle » .46 


For equation (1) to be applicable, the inlet air tempera* 
ture must be controlled to within ± 2*F of the ambient 
air temperature. In cases where the ,i!ilet air tempera- 
ture cannot be controlled to within the following 

equation must be used to evaluate the incident angle 
modifier. 


Tf i - Tji 

PR(«rnn 


( 2 ) 


where : 

is the negative of the slope determined from the 
thermal efficiency curve.. 

Table V shows that the inlet air temperatures were not all 
within dt 2*F o(f ambient air temperature. Hence, equation 
(2) was used for evaluation. 

Tf,i ~ Ta 

KcCTr “ >Lt .86 , I_ 

.491 

The results of this computation are shown on Table V and 
plotted against incident angle in Figure 5 and plotted 
against 1 - 1 in Figure 6 , 

S cos tfi 
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TABLE II 


w.. 


STAGNATION TEST DAT 
LIFE SCIENCES SOLAR COL 


Solar Flux BTU/Hr*Pt^ 

161 

Ambiant T«m 5 >« 

28.6 

Abaorbar Temp. North *F 

925 

Abaorbar Tenqp, Center "P 

229 

Abaorbat Temp. South *F 

219 

Abaorbar Temp* West 

220 

Average Abaorber Temp. °F 

223 






TABLE III 





















































T 'ERMKL PERFORKAMCE TEST DATA 
120 SCPM 



L 




















INCIDEMT ANGLE MODIFIER TEST DATA 



2 







TABLE VX 


SBRVICB LOAD TTEPS AND TEST RESULTS 


step No. 

Load (Lb/rt^) 

, 1 

Paae/Pail 

— 

Coaaaenta 

1 

10 

Paaa 


2 

20 

Pail 

See Note 1. 

3 

30 

Pail 


4 

50 

Pail 


5 

80 

Pail 


4 

120 

Pail 



T«st«d iy 1. M#ndTSon Dsts 3/10/7S 


Not* 1. The outside Tedlar film pulled out of the edge mounting 
^or about on* and one half feet in t«#o placet at 20 PSP 
allowing leakage between the film and the glaat. Teat 
tinned up to 120 PSP without additional 
strcotjcal damage or leakage around the glaat teal into 
the Main body of the collector. 





• • • 



Figure 1. Instrumentation Locations for Life Scisncas F.i>' 
Collector Test 
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Figure 4. Life Sciences (Air) Collector Tiiie Constant 
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Irigure 6. Incident Angle Modifier for Life Sciences Collector 
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FIGURE 7. ToJt Setup for Static Loads. 
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